Nitric oxide and cGMP activate the Ras-MAP kinase pathway-stimulating protein tyrosine phosphorylation in rabbit aortic endothelial cells.
The free radical nitric oxide is a very effective signal transducer, stimulating the enzyme guanylyl cyclase, the oncoprotein p21Ras, and protein tyrosine phosphorylation. In the present study using rabbit aortic endothelial cells (RAEC), it is demonstrated that the nitric-oxide-generating substances sodium nitroprusside and S-nitroso-N-acetylpenicillamine, and a stable analog of cyclic GMP, 8BrcGMP stimulate p21Ras activity. Tyrosine phosphorylation of cytosolic proteins was stimulated and intracellular production of cGMP was increased, indicating that the NO/cGMP-stimulated tyrosine phosphorylation-dependent signaling pathway is most likely associated with the activation of p21Ras. NO and cGMP-dependent activation of p21Ras result in binding of the oncoprotein to the Ras-binding domain of Raf-1 kinase. Incubation of RAEC with FPT II, a potent and selective inhibitor of p21Ras, prevented NO-dependent tyrosine phosphorylation. ODQ, a potent inhibitor of the soluble form of guanylyl cyclase, inhibited the signal as well. Conversely, the use of KT5823, a cGMP-dependent protein kinase (PKG) blocker, showed no effect on protein tyrosine phosphorylation. To further establish a role for p21Ras on the NO-stimulated tyrosine phosphorylation-signaling pathway, RAEC were constitutively transfected with a dominant negative mutant of p21Ras, N17Ras. NO and cGMP-stimulated tyrosine phosphorylation were prevented in N17Ras-expressing RAEC exposed to NO donors and 8BrcGMP. The above findings indicate that NO and cGMP stimulation of protein tyrosine phosphorylation requires the participation of fully functional p21Ras. ERK1/2 MAP kinases and their subsequent targets, the transcription factors, lie downstream to Ras, Raf-1 kinase, and MEK. Treatment of both RAEC and mock-transfected RAEC with NO resulted in phosphorylation and activation of ERK1/2. On the other hand, NO did not stimulate phosphorylation of ERK1/2 in N17Ras-expressing RAEC. In addition, PD98059, a MEK inhibitor, prevented overall tyrosine phosphorylation and phosphorylation of ERK1/2. Upstream to Ras ERK1/2 MAP kinases target the EGF receptor. Incubation of RAEC or mock-transfected RAEC with NO donors resulted in activation of the EGF receptor autophosphorylation. PD98059 effectively blocked this activation. EGF receptor autophosphorylation was insensitive to NO stimulation in N17Ras-expressing RAEC. It is concluded that NO and cGMP stimulate a signaling pathway involving p21Ras-Raf-1 kinase-MEK-ERK1/2. Activation of this signaling pathway is connected to NO-stimulated overall tyrosine phosphorylation that also involves the transactivation of the EGF receptor mediated by ERK1/2.